For growth of large-area single layer graphenes, rollable Cu foils are used in tubular quartz tubes in a thermal chemical vapor deposition (CVD) system. Cu foils in CVD was heated up from room temperature to 1040 °C within 30 min for temperature rising step and annealed 30 min at 1040 °C with 15 sccm H2 gas flow (pressure ~150 mTorr). In the step for growth of graphene, the 60 sccm precursor methane gas (CH4) was introduced to flow for 30 min (pressure ~700 mTorr) in growth step. After growth, Cu foils in CVD were cooled down to 500 °C with only H2 gas flow. For second cooling of Cu foils, gas flow was stopped while temperature was cooled down to room temperature. Figure S1 . Chemical structure of a tetrafluoroethylene-perfluoro-3,6-dioxa-4-methyl-7octenesulfonic acid copolymer (PFI) We used GraHIL composed of PEDOT:PSS (AI4083) and the PFI to develop a gradually increasing work function from anode to overlying layer by self-organization of polymers.
Because the PFI has a lower surface energy (~20 mN/m) than that of PEDOT:PSS, the PFI preferentially tends to be located toward the surface of the polymer film. Futhermore, a higher ionization potential of the PFI than that of the PEDOT: PSS, develops gradually increasing work function toward surface and provides a high surface work function of the GraHIL. S1,S2
X-ray photoelectron spectroscopy (XPS) was used to determine the change of the molecular concentrations versus film depth (i.e. sputter time) and surface composition of the GraHIL. 
